LY THUYET SO NGUYEN TO, HOP SO

Tai liéu tom tat khai niém, cach phan biét, thuat toan co ban va irng dung trong lap trinh
thi hoc sinh gidi

1. Cac khai niém co ban

1.1. S6 nguyén t6
S6 nguyén t6 la s6 ty nhién I1&n hon 1 va chi ¢é dang hai uéc duong la 1 va chinh né.
Vidu:2,3,5,7,11,13,17,19, 23, 29 la cac s6 nguyén té.

Cha y: 2 1d s6 nguyén t6 chan duy nhét. Moi s6 nguyén t6 I6n hon 2 déu 1a s6 Ié.

1.2. Hgp s6

Hgp so la sé tu nhién 16n hon 1 va cé nhiéu hon hai udc duong. N6i cach khac, hgp so6 cé thé
phan tich thanh tich ctia hai sé ty nhién nho hon né.

Vidu: 4,6,8,9, 10,12, 15 la hgp s6.
Taco:4=2x2,6=2x3,9=3x3,12=3x4.

1.3. S0 khong la s6 nguyén t6 va ciing khong la hgp s6
Cac s6 0 va 1 khéng dugc xem la sé nguyén td, cling khong dugc xem la hgp s6.
Ly do:

e 06 vo s6 udc va khéng phu hgp véi dinh nghia sé nguyén té6/hgp sé trong sé tu nhién
duaong.

e 1 chico ding mot udc duong la 1, nén khéng dd hai ude dé la s6 nguyén t6 va cling khong
c6 nhiéu hon hai uéc dé la hop s6.

Két ludgn quan trong: Trong chuong trinh, khi kiém tra s6 nguyén té, luén xi ly riéng truong hop n <
2.

2. Bang phan biét nhanh

Loai s6 Piéu kién Vidu

S6 nguyén td L&n hon 1, c6 dung 2 udc duong: 1 va chinh né 2,3,5,7,11,13
Hop so L&n hon 1, c6 nhiéu hon 2 udc duong 4,6,8,9, 10,12
Khong la nguyén to, Khong théa hai dinh nghia trén 0,1

khéng la hgp sé

3. Cach kiém tra mot s6 c6 phai sé nguyén té

3.1. Y tudng thir chia
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DE kiém tra s6 n c6 phai s6 nguyén té hay khdng, ta thdr xem n ¢6 chia hét cho s6 nao tir 2 dén
n - 1 khéng. Néu cé thi n la hgp s6; néu khong thi n la sé nguyén té.

Tuy nhién cach nay cham khi n 16n. Ta c6 thé t6i uu bang cach chi kiém tra dén can béac hai cla
n.

3.2. Vi sao chi can kiém tra dén n?

Néunlahgpsoéthin=axb,vdi1<a b<n.Khidéa n.Vivay néu khong tim thay udc nao
tir 2 dén n thi n khéng thé 1a hop sé.

3.3. Thuat toan

1 Neéun < 2thinkhéng phai sé nguyén to.

2 Duyétitur2dénkhiixi n.

3 Néu n chia hét cho i thi n khdng phai s6 nguyén t6.

4  Néu duyét xong khdng cé udc nao thi n la sé nguyén t6.

3.4. Code C++

#include <bits/stdc++.h>
using namespace std;

bool laSoNguyenTo(long long n) {
if (n < 2) return false;
for (long long 1 = 2; 1 * i <= n; i++) {
if (n % i == 0) return false;
}

return true;

int main() {
long long n;
cin >> n;
cout << (laSoNguyenTo(n) ? "YES" : "NO");
return 0;

}
B phuc tap: O(n).
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4. Sang Eratosthenes

Khi can tim tat ca cac sé nguyén td tur 1 dén N, ta nén dung sang Eratosthenes. Pay la thuat
todn rat quan trong trong cac bai toan sé hoc.

4.1.Y tuédng

1

ga A W DN

Ban dau gia s&r moi so tir 2 dén N déu la s6 nguyén t6.

Bat dau tur sé nguyén té6 nhéd nhat la 2.
Loai bd cac bbiclia216n hon 2: 4,6, 8, ...
Tiép tuc vdi 3, loai bd 6, 9, 12, ...

Tiép tuc nhu vay dén N.

4.2. Code C++

B phuc tap thudng dung: O(N log log N), phu hgp v&i N I6n nhu 1076 hodc 10/7.

#include <bits/stdc++.h>
using namespace std;

const int MAXN = 1000000;
bool prime[MAXN + 1];

void sangNguyenTo(int n) {
for (int i = 0; 1 <= n; i++) prime[i] = true;
prime[0] = prime[l] = false;

for (int 1 =2; i * i <=n; i++) {
if (prime[i]) {
for (int j =1 * i; j <=n; j += 1) {
prime[j] = false;

}
}
}
}
int main() {
int n;
cin >> n;

sangNguyenTo(n);

for (int 1 = 2; i <= n; i++) {

if (prime[i]) cout << i << ' ';
}
return 0;

}

5. Phan tich thira s6 nguyén t6

Moi s& nguyén duang I6n hon 1 déu cé thé phan tich duy nhat thanh tich cac sé nguyén t6, néu
khdéng xét thir tu cac thira sé.

Vidu:60=2/A2x3x5;84=2A2x3x7.

Code C++ phan tich thira s6 nguyén té
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#include <bits/stdc++.h>
using namespace std;

int main() {
long long n;
cin >> n;

for (long long 1 = 2; i * i <= n; i++) {

int dem = 0;

while (n % i == 0) {
dem++;
n/=1ij;

}

if (dem > 0) {
cout << i <<

nAn

<< dem << ||\n||;
}
}

if (n > 1) {
cout << n << "?1\n";

}

return 0;

}
6. U'ng dung clia sé nguyén t&

6.1. Tim udc, sdé lwgng wéc, tong cac wéc

Khi @3 phan tich n = p14al x p22a2 x ... x pkAak, ta c6 thé tinh nhanh nhiéu dai lugng lién quan
dén udc cdan.

S6 lugng udc cha n la: (a1 + 1)(@2 + 1)...(ak + 1).

Vidu: 60 =222 x 3AM x 58 nén s lugng udcla (2 +1)(1 +1)(1 + 1) =12.

6.2. Tim UCLN va BCNN

Néu phan tich A va B thanh thira sé nguyén tg, ta ¢ thé tinh UCLN va BCNN nhu sau:

e UCLN lay cac thira s6 nguyén t6 chung v&i s6 md nhd nhat.

e BCNN ldy tat ca thira s6 nguyén t6 xudat hién véi s6 mi Idn nhat.

Vidu:A=60=27"2x3x5 B=84=2"2x3x7.Khidd UCLN=2A2x3=12, BCNN =2A2x3x5X
7 =420.

6.3. Dém so nguyén t6 trong doan

V@i nhiéu truy van [L, R], ta c6 thé sang trudc dén N, sau dé tao mang cong don: prefix[i] = s6
lugng s6 nguyén to tir 1 déni.

Két qua cho doan [L, R] la prefix[R] - prefix[L - 1].

6.4. Mat ma va an toan thong tin

S6 nguyén té 16n dugc ding trong mat ma hoc, tiéu biéu 13 RSA. Y tudng quan trong la nhan
hai s6 nguyén té 1&n thi d&, nhung phan tich mot sé rat I6n thanh tich hai s6 nguyén té ban dau
la rat kho.
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7. Cac 16i thuong gap khi hoc sinh 1ap trinh

e Quénxrlyn<2, lamcho 0hodc 1 binhdn nham la s6 nguyén to.

e Duyéti<=nthayvii*i<=n, khién chuong trinh cham.

e Dungintchoi*ikhinldn, c6thé bjtran sé. Nén dung long long.

e Trong sang, quén dat prime[0] = prime[1] = false.

e Bat dau loai boi tir 2 * i thay vii * i. Cach nay van dung nhung chdm hon.

8. Bai tap luyén tap

Bai Noi dung

1 Kiém tra n c6 phai s& nguyén td khong.

2 Liét ké cac s6 nguyén t6 khéng vuot qua N.

3 DE&m s6 nguyén t6 trong doan [L, R] véi nhiéu truy van.
4 Phan tich n thanh thira sé nguyén to.

5 Tinh UCLN, BCNN bang phan tich nguyén té.

9. Tém tat can nhé

e SO nguyén t6: 16n hon 1, c6 dung hai udc duong.

e Hop sé:16n hon 1, cé nhiéu hon hai uéc duong.

e 0va1khonglasoé nguyén to, cling khéng la hop sé.

e Kiém tra nguyén t6 hiéu qua bang cach thr chia dén n.

e Sang Eratosthenes duing dé tim nhiéu s6 nguyén t6 nhanh.

Ggi y thuat toan

Thir chia dénn

Sang Eratosthenes
Sang + mang cdng doén
Thir chia dénn

Lay min/max sé m

e SO nguyén té c6 nhiéu irng dung trong phan tich thira s6, UCLN, BCNN, dém sé nguyén t6

va mat ma.

Tai liéu ly thuyét: S6 nguyén t6, hop so

Trang 5



